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ABSTRACT 

Influenza vaccination during all trimesters of pregnancy is now 
universally recommended in the United States. We critically 
reviewed the influenza vaccination policy of the CDC's Advisory 
Committee on Immunization Practice (ACIP) and the citations that 
were used to support their recommendations. 

The ACIP's citations and the current literature indicate that 
influenza infection is rarely a threat to a normal pregnancy. There is 
no convincing evidence of the effectiveness of influenza vaccination 
during this critical period. No studies have adequately assessed the 
risk of influenza vaccination during pregnancy, and animal safety 
testing is lacking. Thimerosal, a mercury-based preservative present 
in most inactivated formulations of the vaccine, has been implicated 
in human neurodevelopment disorders, including autism, and a 
broad range of animal and experimental reproductive toxicities 
including teratogenicity, mutagenicity, and fetal death. Thimerosal is 
classified as a human teratogen. 

The ACIP policy recommendation of routinely administering 
influenza vaccine during pregnancy is ill-advised and unsupported 
by current scientific literature, and it should be withdrawn. Use of 
thimerosal during pregnancy should be contraindicated. 

On May 28, 2004, the Advisory Committee on Immunization 
Practice (ACIP) of the Centers for Disease Control and Prevention 
(CDC) published its annual report on its current policy for prevention 
of influenza.' The recommendation to vaccinate all pregnant women 
regardless of trimester was the most aggressive in a series of policy 
changes that began in 1995. Previously, influenza vaccine was 
advised only for women with preexisting medical conditions. The 
latest ACIP recommendation was promptly endorsed by the 
American College of Obstetricians and Gynecologists (ACOG) and 
the American Academy of Pediatrics (AAP).^'' 

This investigation critically assesses the current ACIP 
recommendations, reviews the clinical research that supported 
them, and evaluates the risk-benefit analysis of administering 
inactivated influenza vaccine during pregnancy. 

Influenza Vaccine 

Influenza vaccines are available in two forms: inactivated and 
live attenuated. Viruses for both vaccines are grown in 
embryonated hens ' eggs, and therefore contain egg protein. 

The attenuated live-virus vaccine is contraindicated during 
pregnancy. Clinicians should take care not to administer it 
inadvertently to a pregnant woman and also note that transmission 
of vaccine viruses to close contacts has occurred in clinical trials.'' 



The inactivated vaccine is available in two fornis: the purified 
surface antigen preparation and a split-virus vaccine (Subviron, 
which is obtained by disrupting the virus using a non-ionic 
surfactant). Several methods are used to inactivate the viruses, and 
antibiotics are added to secure sterility. The split-virus vaccine is 
further purified chemically, and suspended in sodium phosphate- 
buffered isotonic sodium chloride solution. 

Influenza vaccines available in the United States for the 2005- 
2006 influenza season are listed in Table 1. Most inactivated 
vaccines contain thimerosal, a mercury-containing compound 
(49.6% mercury by weight) that is rapidly metabolized to ethyl 
mercury. Influenza vaccines typically contain thimerosal at 
preservative levels of 0.0 1 %, equivalent to 25 |a.g of mercury per 0.5 
cc dose. Two forms of "preservative-free" vaccine packaged in 
single-dose presentations are available. One is manufactured 
without thimerosal (Fluzone, Sanofi-Aventis). In the other, 
thimerosal is removed at the end of the manufacturing process 
(Fluarix, GlaxoSmithKline). Almost all of the influenza vaccines 
administered to pregnant women in the 2005-2006 influenza 
season contained thimerosal at the preservative level. 

Influenza in Pregnancy 

Influenza typically presents with constitutional (fever, myalgia, 
malaise, headache, fatigue) and upper respiratory (cough, sore 
throat, rhinitis) symptoms. Illnesses caused by the influenza virus 
are indistinguishable from those caused by a variety of other viral or 
nonviral pathogens. A definitive diagnosis requires laboratory 
testing (viral culture, rapid antigen testing, polymerase chain 
reaction, or immunofiuorescence). An available rapid diagnostic 
test lacks the higher sensitivity and specificity of the other costlier 
and more time-consuming tests. 

The virus is spread primarily through airborne transmission and 
direct contact with an infected individual. The incubation period is 
short (approximately two days), the onset of symptoms is abrupt, 
and the duration of the illness uncommonly exceeds one week. 
Complications including pneumonia, bronchitis, or sinusitis, or 
rarely encephalitis, transverse myelitis, Reye syndrome, 
myocarditis, or pericarditis, can occur at any age. More than 90% of 
influenza-related fatalities occur among the elderly.' 

The ACIP's recent policy cites only two scientific papers to 
support its claim that influenza during pregnancy is more serious 
than at other times. A British study compared maternal and neonatal 
outcomes in women infected with the influenza virus during the 
second and third trimesters of pregnancy with those of pregnant, 
uninfected controls.' Only 11%) of the 1,659 pregnant subjects had 
serological evidence of the illness; none had detectable influenza 
A-speciflc IgM. There was also no evidence for transplacental 
transmission of influenza virus, or autoantibody production in 
influenza-complicated pregnancies. Influenza infection had no 
significant impact on labor outcomes, health of the newborn, or 
maternal wellbeing. 
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Table 1. Influenza Vaccines Available to Pregnant Women in the United 
States for the 2005-2006 Influenza Season 



Name 


Type 


Manufacturer 


Available 
Doses 


Thimcrosal 
concentration 


Mercury 
per dose 


Indications 


Fluzonc 


Inactivated 
Virus 


Sanofi- 
Aventis 


52-54 
million 


0.01% 


25[ag/0.5ml 


>6 months 


Fluzone* 


Inactivated 
Vims 


Sanofi- 
Aventis 


6-8 
million 








>6 months 


Fluvirin 


Inactivated 
Virus 


Chiron 


18-26 
million 


0.01% 


25|ig/0.5ml 


> 4 years 


Fluarix 


Inactivated 
Vims 


GlaxoSmith 
Kline 


7.5 
million 


< 0.0005% 


<l,25[ag/0.5ml 


>18 years 


*Thimerosal-free version, provided in two doses: 0.5cc (^36 months age) 
and 0.25CC (6-35 months age) 



The authors claimed that overall "complications" in pregnant 
women with influenza infection occurred more frequently than in 
controls (106/181 versus 73/180; P<.00iy, however, no individual 
complication achieved statistical significance. Many of the listed 
complications appeared to be subjective complaints such as chest 
pain and "taking medication," rather than specific diagnoses, and 
some could have been related to comorbid conditions that the 
authors failed to assess. 

While there was only one recorded case of pneumonia during 
pregnancy, an uncommon but serious complication of influenza, all 
other "complications" lacked biological plausibility. When such 
nonspecific complications were excluded, there were no significant 
differences between the two groups. While the British research was 
cited in support of the ACIP 's aggressive influenza policy, it did not 
alter vaccination policy in the United Kingdom, where at present 
only pregnant women with serious preexisting medical conditions 
are vaccinated.' 

In the second study cited in support of ACIP policy, Neuzil et al. 
reported that pregnant Medicaid-eligible women in a Tennessee 
registry had higher hospitalization rates during the influenza season 
than nonpregnant and postpartum women, particularly during the 
third trimester of pregnancy.' 

Hospitalization was infrequent, ranging from 3.1 per 10,000 
women-months in the first trimester to 10.5 per 10,000 in the third 
trimester. The study failed to discover a greater incidence of 
specific adverse events, including death, during pregnancies 
complicated by influenza. The following factors significantly limit 
the study's impact: 

• The Medicaid population is known to have more comorbidity and 
receive less adequate outpatient care. Patients are more likely to 
seek emergency room services at a more advanced stage of illness 
and thus to be admitted to the hospital more frequently. 

• The hospitalization rate was overestimated by the inclusion of 
admissions for delivery. 

• Influenza was not confirmed by laboratory testing and not 
differentiated from other infections. 

• Reasons for admission were never quantified, and included a 
broad range of ICD-8 and ICD-9 codes. 

• Aside from the event of a hospital admission, per se, no difference 
in morbidity or mortality was reported. 

It is evident that neither study demonstrated that influenza 
infection during pregnancy was more serious than at other times. 

A recent study that was not considered by the ACIP confirms the 
insignificance of influenza illness during pregnancy." In that study 
of 49,585 pregnant women in a Kaiser Permanente HMO in 
Northern California, the influenza rate was 1.8 per 10,000. During 
five sequential influenza seasons there were only nine hospital 
admissions for pneumonia, fewer than two per season. All women 



recovered. Predictably, the HMO hospitalization rate was much 
lower than that reported in the Medicaid population of Neuzil et al.' 
Viral identification was not perfomied; thus, it is likely that not all 
the women actually had influenza infections. Only 4.7% of the 
pregnant women had outpatient visits for influenza-like illness 
(ILI). This is lower than the 5 to 20% rate of influenza in the general 
population cited by the CDC.' Finally, the offspring's hospital 
admission rate for pneumonia was only 0.35%. 

The ACIP has stated there had been "excessive deaths" in 
pregnant women during prior influenza pandemics. The citations, 
however, contradict this conclusion. During the Asian flu 
pandemic of 1957-58 in a study from Johns Hopkins University, 
55.6% (373/671) of an obstetrical population had "flu" symptoms 
during the outbreak, while 83.6% had measurable antibodies to 
influenza virus, suggesting that even in this indigent group of 
patients, a large number had a competent immune system and 
subclinical infections'" There was no statistically significant 
difference in fetal or maternal outcomes during the pandemic, and 
the authors concluded that outcomes did not differ from those in 
any of the prior four years. 

A study reporting influenza in pregnant women during the 
1918-1919 pandemic found that "no conclusions can be drawn, 
however, as to whether the incidence of influenza is greater among 
pregnant women than nonpregnant women ..."" Mortality was 
seen only in cases complicated by pneumonia, a condition easily 
treated today with antibiotics that were unavailable at that time. 
There were no deaths among the 672 cases of uncomplicated 
influenza. The 26% interruption of pregnancy rate with 
uncomplicated influenza was "not greatly in excess of the 
frequency one would expect under ordinary conditions" in 1918. 
Indeed, even in fatal cases, only 38% of the women experienced 
disruption of pregnancy, a testimony to the resilience of the 
developing fetus. 

This is striking evidence that as far back as nearly a century, at a 
time when hygiene and medical care could not possibly be 
compared to the present, even the global pandemics of Spanish and 
Asian influenza did not threaten pregnancy outcomes. These 
studies also support the widely held belief that pregnancy is not a 
state of impaired immunity. 

Is Influenza Vaccination During Pregnancy Effective? 

The ACIP reports a marginal impact of influenza vaccination 
during pregnancy. 

"Researchers estimate that an average of one to two hospitaliza- 
tions can be prevented for every 1 ,000 pregnant women vaccinated." 

The estimates cited by the ACIP are not supported in the current 
literature. A large study by Black and his associates at the Kaiser 
Permanente Northern California HMO, together with the Vaccine 
Safety Datalink Workgroup, a conglomeration of experts from the 
CDC and other institutions, was undertaken to assess the impact of 
influenza vaccination during pregnancy and the risk of ILI among 
mothers and their offspring." Included in the review was 
infomiation about 49,585 mothers and 48,639 live births for the 
November to February periods, from 1997 to 2002 inclusive. 

There was no statistically significant difference in illness rates 
among the vaccinated and unvaccinated women (4.5/10,000 vs. 
4.4/10,000) or their offspring. Vaccination also had no impact on 
illness rates among women with asthma (3.7/10,000 vs. 
4.1/10,000), a subgroup the CDC has consistently claimed to be at 
high risk for influenza complications. 
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Table 2. CDC Data Regarding Efficacy of Influenza Vaccination 



Table 3. Annual Influenza Death 



Flu season 


influenza virus 
culture-positive * 


% 
antigenic match** 


Maximum 
effectiveness*** 


2004-2005 


14.9 % 


40.1% 


6.0% 


2003-2004 


18.9% 


11.1% 


2.1% 


2002-2003 


11.6% 


98.7% 


11.5% 


2001-2002 


16.0% 


63.2% 


10.1% 


2000-2001 


11.0% 


57.7% 


6.3% 


mean 


12.5% 


54.2% 


7.2% 



*specimens tested from World Health Organization (WHO) and National 

Respiratory and Enteric Surveillance System (NREVSS) collaborating 

laboratories 

** the antigenic match of lab specimen compared with vaccine antigens 

used that season 

***the likelihood that the causative agent of an influenza-like illness would 

have matched the vaccine antigen 



Munoz et al. also failed to demonstrate effectiveness of influenza 
vaccination in pregnancy during five influenza seasons (1998- 
2003).'^ Rates of acute upper respiratory tract infection did not 
significantly differ between vaccinated (n = 225) and unvaccinated 
(n = 826) women (4.4% vs. 2.4%; P=.2). Paradoxically, the authors 
found four times as many ILI-related hospitalizations in vaccinated 
women (2.8% vs. 0.7%; P = 0.04), an observation similar to that of 
Neuzil et al. (2.2% vs. 0.7%, OR 1 .2). ' These observations not only 
challenge vaccine effectiveness, but also raise concern that 
vaccination actually carries an added risk of ILL 

An analysis of these studies is a reminder that socioeconomic 
factors in influenza morbidity and mortality are frequently 
overlooked and may be of primary importance when considering a 
risk-benefit analysis for vaccination during pregnancy. 

The CDC's Influenza Statistics 

In general, most symptoms of the "flu" are not caused by 
influenza viais but by a variety of noninfluenza viruses, bacteria, 
other infectious organisms, or even noninfectious conditions. 
According to the CDC, only about 20% of the cases of ILI are actually 
caused by the influenza virus." If this is true, then theoretically only 
20% of all cases of ILI are preventable by influenza vaccination, and 
only when there is a perfect antigenic match between the vaccine 
strain and the circulating virus. Furthemiore, even a perfect antigenic 
match does not guarantee an adequate antibody titer, nor does 
measurable antibody assure protection." 

Table 2 suinmarizes viral surveillance data provided by the 
CDC from the last five influenza seasons.' ^'On average, only 
12.5% of samples submitted to collaborating laboratories in the 
United States identified influenza virus. 

Because there are numerous strains of influenza virus and only 
three antigens can be chosen for the vaccine, a perfect match is 
unpredictable. According to the CDC, the average antigenic match 
from the previous five influenza seasons has been as low as 
11.1%.' ^ '(Table 2). When we consider both variables of antigenic 
matching and the likelihood of laboratory confirmation of 
influenza virus, the average estimate of vaccine effectiveness is 
only a dismal 7.2%. 

The CDC and news media frequently proclaim that there are 
about 36,000 influenza-associated deaths annually. Review of the 
mortality data froin the CDC's National Vital Statistics System 
(NVSS) reveals these estimates are grossly exaggerated.^ °°"°The 
NVSS reports preliminary mortality statistics and distinguishes 



Year 


Influenza 

and 

Pneumonia 

(all ages) 


Influenza only 
(J10*&J11**) 


Influenza virus identified 
(JIO*) 


All 

Ages 


Reproductive Age 
Women (20-39y) 


All 

Ages 


Reproductive Age 
Women (20-39y) 


1997 


86,449 


720 


NA 


NA 


NA 


1998 


91,871 


1,724 


NA 


NA 


NA 


1999 


63,730 


1,665 


10 


60 





2000 


65,313 


1,765 


13 


60 


1 


2001 


62,034 


257 


5 


18 


1 


2002 


65,681 


727 


3 


99 


1 


Source: National Vital Statistics System 
*J10=virus identified 

** J11 =virus not identified 



between influenza-related deaths and pneumonia-related mortality. 
When the final report is issued, influenza mortalities are combined 
with the far more frequent pneumonia deaths, yielding an 
exaggerated representation of "influenza" deaths. Pneumonia- 
related mortality due to immunosuppression, AIDS, malnutrition, 
and a variety of other predisposing medical conditions is therefore 
combined with seasonal influenza deaths. The actual influenza- 
related deaths for the years 1 997 to 2002 ranged from 257 to 1 ,765 
annually (Table 3). These values are further overestimated by 
combining deaths from laboratory-confirmed influenza infections 
with cases lacking laboratory confirmation. There were fewer than 
1 00 annual cases of viral-confirmed deaths during this same period. 
Deaths occurring in women of reproductive ages were rare, 
approximately one per year. 

Is Influenza Vaccination Safe During Pregnancy? 

Because the benefits of influenza vaccination during pregnancy 
appear lacking, a safety-benefit analysis should not tolerate any risk 
to vaccine recipients or their offspring, even at a theoretical level. 

According to the ACIP, the safety of infiuenza vaccination 
during pregnancy is established in this way: "One study of 
influenza vaccination of >2,000 pregnant women demonstrated no 
adverse fetal effects associated with influenza vaccine." ' 

This solitary safety study, by Heinonen et al., has in fact very 
little to do with the safety of influenza vaccination. The reported 
outcomes were strictly limited to malignancies, mostly after polio 
vaccination during pregnancy. ' ' 

The study's findings are important and alamiing. Among 
1 8,242 women who received the inactivated polio vaccine (IPV): 

• The malignancy rate among 1 -year-old children was nearly 
twice that of the unvaccinated control group (7.6 vs. 3.9 per 
10,000;P<.05). 

• Neural tumor rate among the IPV recipients was 1 3 times greater 
than that of the unvaccinated (3. 9 vs. 0.3 per 10,000;P<. 01). 

The conclusions of the study were clear: 

"The present data suggest that injection of killed polio vaccine 
in pregnant mothers were [sic] associated with malignancies, and 
tumors of neural origin in particular, in offspring bom between 
1959 and 1966." 

The publication contained only one sentence related to 
influenza vaccination outcomes: 

"Among 2,291 mothers immunized with killed influenza 
vaccine during pregnancy, one child developed an astrocytoma of 
the spinal medulla." 

The narrow scope of the adverse events assessed, and the short 
period of pediatric follow-up (one year) severely limited the study's 
contribution to the very broad issue of influenza vaccination safety. 
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Table 4. Influenza Vaccine Mercury Dose Compared to EPA Allowable Daily 
Reference Dose 



Age 


Avg Weight 


Max. Allowable 
Mercury* 


Mercury From 
Flu Vaccine 


Factor Over 
EPA Limit 


Pregnant adult 


70 kg 


7.0 ^ig 


25 Mg 


3.5 X 


fetus 


1kg 


0.01 |jg 


25 ms 


200 X** 


6 months 


7.7 kg 


0.77 pg 


12.5 Mg 


16.2 X 


12 months 


10.5 kg 


1.05 ng 


12.5 Mg 


11.9 X 


24months 


12.3 kg 


1.23 lag 


12.5 Mg 


10.2 X 


36 months 


14.5 kg 


1.45 ng 


25 ms 


17.2 X 


4 years 


16.3 kg 


1.63 pg 


25 MS 


15.3 X 


6 years 


20.5 kg 


2.05 lig 


25 H? 


12.2 X 



based on the EPA daily reference dose of 0. 1 micrograms/kg/day 
based upon approximate maximum 4:1 preferential accumulation of 
mercury in cord blood 



Nonmalignant adverse events, including harni to tlie fetus, were not 
recorded, and the lifetime risk of malignancy was not calculated. 

Contrary to the ACIP's contention, this paper did not adequately 
assess the safety of influenza vaccination during pregnancy. It only 
raised serious concerns about polio vaccine safety, its link to 
cancers, and the bias of the ACIP. The study's findings should also 
reinforce the need for careful assessment of any medication given 
to pregnant women at a time of heightened fetal vulnerability to 
environmental exposures. 

In addition, the Institute of Medicine Immunization Safety 
Review Committee recently rejected the validity of this paper after 
completing a review of the potential link between SV40 virus 
contamination of polio vaccines and cancer and concluded: 

Because these epidemiologic studies are sufficiently 

flawed, the committee concluded in this report that the 

evidence was inadequate to conclude whether or not the 

contaminated polio vaccine caused cancer^ ^ 

The fact that the ACIP cited this study in support of the safety of 
influenza vaccination, while the Institute of Medicine rejected the 
research on the basis of flawed study design, is peculiar There is a 
paucity of peer-reviewed reports on the safety of influenza 
vaccination in general, and more so on safety during pregnancy. Of 
the two pregnancy studies frequently cited, the first, by Sumaya and 
Gibbs, analyzed outcomes in only 56 women and did not assess 
infants beyond the immediate postnatal period. ^ ^he second study, 
by Deinard and Ogbum, included only 189 vaccinated pregnant 
women and followed the infants for only 6 to 8 weeks.^ ""The fact 
that neither study revealed any adverse outcomes is not surprising, 
both being too small to detect infrequent birth defects or other 
adverse outcomes. Because of the very short follow-up, both 
studies were grossly inadequate in assessing complications 
including neurodevelopment disorders. 

The more recent study by Munoz et al. exemplifies the all-too- 
frequent reality that many research studies are simply too poorly 
designed to support their conclusions.' ^That retrospective study 
examined data from five consecutive influenza seasons (1998- 
2003) in a large clinic in Houston, Texas. Only 252 pregnant 
women received the influenza vaccine. The authors reported: 
"...no serious adverse events occurred within 42 days of 
vaccination and there were no differences between groups 
[vaccinated versus unvaccinated] in the outcoines of pregnancy." 

Because only infants who had at least one clinic visit were 
included, cases of fetal and neonatal demise would have been 
excluded. Vaccinated women demonstrated greater tendencies for 
abnormal glucose tolerance tests (8% vs. 4.5%; P=.05), gestational 
diabetes (2.2% vs. 1.7%; 7^= .6), and preeclampsia (4.8% vs. 3.9%; 
P = 0.6), as well as a significantly greater incidence of transient 
hypertension (6.7% vs. 2.9%; P<.01). These unexpected findings 



among vaccinated women may not be merely coincidental. 
Thimerosal-containing vaccinations have been linked to diabetes in 
other patient populations.' ' Mercury exposure has also been 
associated with hypertension.' ' 

The authors concluded, "Influenza vaccine that was 
administered in the second or third trimester of gestation was safe in 
this study population." However, the authors themselves made it 
clear that the assessment of safety was limited and not targeted: The 
"evaluation of rare or long-term side effects of vaccination was not 
the goal of this study." This study did not adequately assess vaccine 
safety or justify the recommendation of influenza vaccination in the 
first trimester 

Thimerosal, a Preservative with Rislis 

Most influenza vaccines given in the United States during the 
2005-2006 influenza season contained thimerosal. In the late 
1980s, the number of routine childhood immunizations, most 
containing thimerosal, began to increase. 

As a result of the concerns that rising mercury exposures could 
exceed regulatory guidelines and pose health risks, a joint 
statement was issued by the American Academy of Pediatrics and 
the Public Health Service on July 7, 1999, and endorsed by the 
American Academy of Family Physicians. The policy statement 
established the goal of removing thimerosal from vaccines 
routinely recommended for infants "as soon as possible."" The 
ACIP influenza report reassuringly stated that there "was no 
scientific evidence that thimerosal in vaccines leads to serious 
adverse events." In failing to insist on the use of thimerosal-free 
influenza vaccinations during pregnancy, as well as in early 
childhood, the ACIP policy changes will again result in increasing 
mercury exposures to the most susceptible individuals. 

Because a risk-benefit analysis of influenza vaccination during 
pregnancy cannot ignore the potential iinplications of mercury 
exposure during the vulnerable prenatal period, a brief review of 
thimerosal is prudent. 

Thimerosal is an ethyl mercury-thiosalicylate compound that 
rapidly disassociates into ethyl mercury, a short-chain alkyl 
mercurial. It has also been shown that ethyl mercury is further 
metabolized to inorganic mercury.' "Therefore, toxicity data from 
studies of thimerosal, ethyl mercury, and inorganic mercury are all 
relevant in assessing influenza vaccine safety. 

There are currently no federal regulatory guidelines for ethyl 
mercury exposure by injection; however, the Environmental 
Protection Agency (EPA) has established guidelines for ingested 
methylmercury, which has been far more extensively studied. The 
EPA's current daily allowable methylmercury exposure limit is 
0. 1 |j,g/kg/day. Both forms of mercury are structurally similar short- 
chain alkyl (organic) mercurials that readily enter cell membrane 
lipid bilayers, including the placenta and brain.' " " 

Most adult influenza vaccines contain an equivalent of 25 |.ig of 
mercury per dose (Table 1). An average-sized pregnant woman 
receiving an influenza vaccine will be exposed to organic mercury 
that exceeds the EPA limit by a factor of 3.5 (Table 4). The fetus 
could potentially receive a dose of mercury that exceeds EPA limits 
by a much larger factor. Furthermore, fetal blood mercury 
concentrations have been shown to be as much as 4.3 times the 
maternal level.'' 'A larger proportion of ethyl mercury accumulates 
in fetal tissues relative to maternal tissues, especially in the central 
nervous system.'' ^ The observation of a 7.8-15.7% prevalence of 
elevated umbilical cord mercury in the United States, at levels 
associated with loss of IQ, adds to the significance of additional 
mercury exposure from prenatal vaccination.'' ' 
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Table 5. Fetal Death Rates (Abortion, Resorption, and Stillbirth) from Prenatal Exposure to Thimerosal 
in Several Species and by Various Administration Routes. 



Author 


Prenatal 
Exposure 


Route 


Species 


Offspring (n) 


Fetal 
Death Rate 


Relative 
Risk 


Gasset et al., 
1975" 


2% thimerosal 


intraperitoneal 


rat 


109 


35.8% 


32.5 X 


0,2% thimerosal 


intraperitoneal 


rat 


12.5 


13.6% 


12.4 X 


sahne 


intraperitoneal 


rat 


95 


1.1% 




2% thimerosal 


conjunctival 


rabbit 


56 


39.3% 


2.6 X 


saline control 


conjunctival 


rabbit 


39 


15.4% 




Itoi et al., 
1972"' 


0.2% thimerosal 


conjunctival 


rabbit 


22 


18.2% 


5.2 X 


0.02% thimerosal 


conjunctival 


rabbit 


68 


16.2% 


4.6 X 


saline control 


conjunctival 


rabbit 


86 


3.5% 




Digar et al., 1987" 


0. 1 mg thimerosal 


injected in yolk sac 


chick embryo 


254 


46.5% 


5.1 X 


unexposed control 


none 


chick embryo 


unreported 


9.1% 





Neurotoxicity of Mercury 

In spite of the ACIP claims, concerns 
about potential neurotoxicity of thimerosal 
are widely reported by various health 
authorities. The Eli Lilly Manufacturer's 
Safety Data Sheet (MSDS) states: 
"exposure in-utero can cause mild to severe 
mental retardation and motor coordination 
impairment." The National Toxicology 
Program (NT?) states that thimerosal is a 
"poison by ingestion, subcutaneous, 
intravenous and possibly other routes," 
classifies it as an experimental carcinogen 
and teratogen, and concludes that childhood 
exposures result in "mental retardation in 
children, loss of coordination in speech, 
writing, gait, stupor, and irritability and bad 
temper progressing to mania."'*'' 

In recent years there has been a growing 
body of science that has linked thimerosal 
exposure to neurodevelopment disorders 
(NDs), including autism and attention 
deficit/hyperactivity disorder. These 
studies have brought forth toxicologic, 
biochemical, experimental, neuroimmu- 
nologic, and epidemiologic evidence.' ' * * 
A comprehensive discussion of this science 
is beyond the scope of this paper and has 
been reviewed elsewhere.' ' 

Because the ACIP influenza policy 
endorses exposure of the fetus to ethyl 
mercury, any studies demonstrating hann 
from prenatal ethyl mercury exposure must 
be carefully reviewed. Unfortunately, there 
is only one known published study that 
attempted to correlate prenatal thimerosal 
exposure to NDs. Holmes et al. detemiined 
that mothers of autistic children received 
nearly six times more thimerosal-preserved 
Rho D immuno-globulin than mothers of 
neurotypical children (0.53 vs. 0.09 mean 
shots; P < 0.0000004), strongly implying a 
role of prenatal mercury exposure in 
adverse developmental outcomes.^ ' 



Fetal and Reproductive Toxicity 
of Mercury 

The 2005-2006 Fluzone, Fluvirin, and 
Fluarix package inserts clearly state that 
animal reproductive safety studies have not 
been conducted during pregnancy and that 
risks to the human fetus were never 
investigated, including mutagenicity, 
carcinogenicity, and effects on future 
fertility. The Fluzone manufacturer states 
that the vaccine should be given to pregnant 
women only if clearly needed. The Fluvirin 
insert adds that the clinical judgment of the 
attending physician should prevail. The 
Fluarix insert only affirms the ACIP 
recommendation. 

The manufacturer of the live vaccine 
FluMist issues a similar warning: "Animal 
reproduction studies have not been 
conducted with FluMist. It is also not known 
whether FluMist can cause fetal harm when 
administered to a pregnant woman or affect 
reproduction capacity." The manufacturer is 
careful to add: "Therefore, FluMist should 
not be administered to pregnant women." 

The Eli Lilly MSDS further states that 
thimerosal "is known to cause birth defects 
and other reproductive harm." The NTP 
broadly classifies thimerosal as a teratogen 
capable of other adverse reproductive 
effects." The California EPA has 
proclaimed that thimerosal is a human 
reproductive toxin. When denying a request 
from Bayer, Inc., to reclassify thimerosal as 
harmless, its report concluded: 

The scientific evidence that... 
thimerosal causes reproductive 
toxicity is clear and voluminous. 
Thimerosal dissociates in the body 
to ethyl mercury. The evidence for 
its reproductive toxicity includes 
severe mental retardation or 
malformations in human offspring 
who were poisoned when their 



mothers were exposed to ethyl 
mercury or thimerosal while 
pregnant, studies in animals demon- 
strating developmental toxicity 
after exposure to either ethyl 
mercury or thimerosal, and data 
showing interconversion to other 
forms of mercury that also clearly 
cause reproductive toxicity.' ° 
The peer-reviewed literature sum- 
marized in Table 5 raises additional 
concerns about prenatal thimerosal 
exposure. Gasett et al. observed 
significantly more fetal deaths after 
maternal thimerosal exposure compared 
with control animals, indicating that, even 
topically, thimerosal had abortifacient 
qualities." These findings were replicated 
by Itoi et al., who demonstrated a nearly 
five-fold greater fetal death rate when 
topical thimerosal solution was applied to 
the conjunctiva of pregnant female rabbits." 
Fetal malformations occurred more 
frequently in thimerosal-exposed vs. saline 
controls (9.1% vs. 0.0%). Digar et al. 
discovered a four-fold increased mortality 
rate when the yolk sacs of chicks were 
injected with 0.1 mg of thimerosal." Gross 
malformations occurring in 36% of exposed 
embryos but in none of the controls 
included syndactyly, visceroptosis, thinning 
of the abdominal wall, and limb and wing 
growth abnormalities. 

Thimerosal also has the potential to 
impair fertility. Batts et al. demonstrated 
that thimerosal was toxic to cilia function 
when applied topically to the trachea of 
sheep, indicating a potential biologic 
mechanism for damaging reproductive 
capacity in women (fallopian tube) and 
men (sperm motility)." This could explain 
the observation that adult survivors of 
childhood mercury poisoning (acrodynia 
from infantile teething powder) have a 
greater incidence of infertility." Gon- 
charuk discovered a significant dose- 
dependent rate of fetal death in rats and 
mice exposed to ethyl mercury compounds 
by inhalation. When ethyl mercury was 
given orally to albino rats prior to mating, 
diminished fertility was observed, not only 
in adult recipients but also in first and 
second-generation progeny." 

A comprehensive discussion of the 
reproductive toxicity of inorganic mercury, 
another thimerosal metabolite, is beyond 
the scope of this review. Inorganic mercury 
has been shown to be a genotoxin and a 
reproductive toxin in various animal and in- 
vitro systems." Khan et al., for example. 
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demonstrated fertility and survival reduction in mice exposed to 
mercuric chloride.' *rhese effects, including ovarian atrophy, were 
seen in the absence of overt mercury toxicity, underscoring the need 
for carefully designed clinical studies assessing the risk of prenatal 
thimerosal exposure. 

Human studies designed to assess the potential reproductive 
toxicity of thimerosal are sparse. Heinonen, the lead author of one 
of the previously cited ACIP influenza vaccine "safety studies," 
confirmed human reproductive toxicity of thimerosal in a different 
publication.' 'Using data from the Collaborative Perinatal Project 
that was sponsored by the FDA, U.S. Public Health Service, and the 
National Institutes of Health, the researchers showed that topical 
thimerosal exposure during pregnancy significantly increased risks 
for human birth defects. 

The human reproductive and fetal toxicity of methylmercury 
has been widely studied and accepted. Many agencies, including 
the CDC and FDA, proclaim that methylmercury is more toxic than 
ethyl mercury, but this is not supported in the scientific literature. 
For example, in an experimental study of swine, researchers found 
ethyl mercury to be significantly more toxic than methylmercury.' " 
Jacquet and Laureys reported that ethyl mercury crossed the 
placenta more readily than methylmercury and was capable of 
mutagenicity in the form of induction of C-mitosis in eukaryotes 
and HeLa cells, resulting in aneuploidy or polyploidy.' 'Sex-linked 
recessive lethals were reported mDrosophila melanogaster. 

Coupling the incontrovertible evidence of the experimental 
reproductive toxicity of thimerosal and its metabolites to the 
limited scope of available human safety studies, it is astonishing 
that the ACIP's recommendation to administer the influenza 
vaccine during pregnancy has not been previously challenged. The 
omission of these known risks of a major influenza vaccine 
component from the package inserts would imply that the drug is 
clearly mislabeled. 

Conclusions 

The ACIP's recommendation of influenza vaccination during 
pregnancy is not supported by citations in its own policy paper or in 
current medical literature. Considering the potential risks of 
maternal and fetal mercury exposure, the administration of 
thimerosal during pregnancy is both unjustified and unwise. 
Pregnancy should continue to be a time when doctors are highly 
protective of their patients with regard to any fetal exposure. 
Without adequate safety testing, a risk-benefit analysis of influenza 
vaccination during pregnancy is not possible, and therefore the 
ACIP 's present recommendation should be withdrawn. 

David M. Ayoub, M.D., is Medical Director of Prairie Collaborative, Ltd. 
Contact: Memorial Medical Center, 710 North First St., Springfield, IL 
62781, raypoke@mac.com. Tel: (217) 788-7021, Fax: (217) 788-5588. F. 
Edward Yazbak, M.D., FAAR is the founder of TL Autism Research, 
Falmouth, MA. 
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